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(54) METHOD OF MAKING MULTI-WALL CAPSULES 



(71) We, Fuji Photo Film CO., Ltd., 
a Japanese Company, of 210, Nakaraum,. 
Minami-Ashigara-Machi, Ashigara-ICamigun, 
Kanagawa, Japan, do 'hereby declare the in- 

5 venrion for which we pray that a patent may 
be granted to us, and the mediad by which 
it is to be performed, to be particularly de- 
scribed in and by the following statement: — 
This invention relates to a method of mak- 

10 ing multi-wall capsules in which a doabte ofr 
triple coating wall film is formed on a single 
wall film. 

The term "single- wall capsule" means a 
capsule having a sire of a fraction of a micron 

15 to several centimetres and consisting of one or 
more cores coated once only with a walil-form- 
ing material. Methods of making microcap"- 
sules are disclosed in detail in "Yakuzaigalcu 
(Pharmacology)", Vo>l. 26 (1966, pp 1 — 7. 

20 Capsules having a size of one miLlimefter to 
one centimetre can be made according to the 
methods -of U.S. Patents Nos. 3,190,837 and 
3,341,466, and Japan Patent Publication No. 
6799/1968. 

25 Siudh a single-wall capsule is insufficient 
in strength and in permeability, and must 
therefore be strengthened. To this end, the 
single-wall capsule is preferably coated double 
or triple. MulM-wall capsules are known as 

30 shown in Japanese Patent Publications Nos. 
13681/1967, 2329/1967 and 20467/1967, and 
another capsule structure is disclosed in 
Japanese Patent Publication 1881/1963 in 
which a number of single-wall capsules are 

35 further encapsulated as a core. 

We have now found a new method of form- 
ing double or triple waW films on sangle-wall 
capsules by utilizing the phenomenon that an 
aqueous solution of a water-soluble high mole- 

40 cular material having hydroKyl, acid, or basic 
groups can be reacted with an aqueous solu- 
tion of a hardener such as an inorgaiac poily- 
valent metal ion, alkaili, acid or salt (to vtms 
rapidly form an insoluble film in water. 

45 As used ^herein, the teim "muld-wall cap- 



sule" mejans "a capsule formed by encapsula- 
tion of one or more other capsules which may 
be single- or niulltipls-waOled and single or 
multiple cored". 

According to the invention, a method* of 50 
making multi-wall capsules as herein defined 
comprises dispersing in an aqueous •solution of 
a water-soluble high molecular film-forming . 
material having hydroxyl acid or basic grouips, 
single-wall capsules, each of which contains 55 
a nucleus or nuclei therein, and then adding 
the resulting dispersion to an aqueous solution 
of a haTdemfCT for said water-soluble high mole- 
cular material. 

The method of the invention may be carried 60 
out as follows. Throughout the specifLcation, 
aU percentages are by weight. S 'ngle wall cap- 
sules are dispersed in an aqueous soilution of a 
water-soluble high molecular maiterial having 
a concentration of several tenths to several tens 65 
%. When the resulting dispersion is formed, 
fox example, by a nozzle ot centrifugal force 
into a 'liquid drop of desired size and dkiop- 
wise adddd to an aqueous yo'lution of an appro- 
priate hardener having a concentration of 70 
1/20% to 30%, double wall capsiiles are. 
formed, and these are recovered by a suitable 
method and dried. When the thus obta'in-ed 
double wall capsules are diispersed in an 
aqueous solution of the same or a different 75 
water-soluble high molecular material and the 
procedure is repeated, triple waM capsules are 
obtained. 

A preferred preparation of the multi-wall 
capsule of the invention is carried out as fol- 80 
lows. Oil-oontaining single wall capsules in 
which the wall film consists of a compiler 
coacervate of gelatin and gum arabic (made 
by the miethod according to U.S. Patent No. 
2,800,457 or Japanese Patent No, 493,064) 85 
arc recovered as a thickened capsuie sluirry by 
filtering or djecamation and are dispersed in an 
equal voknne of a 2% aqueous solution of 
soditnn alginate. A 10% aqueous solution erf 
caOdum ohlcHide is •selected as a ^lairdenier and 90 
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stirred. The aforesaid capsule dispersion is 
added to the hardener in die form of liquid 
drops having a desired size of several tens of 
microns to several millimeters, thereby obtain- 
ing instantaneously substantially spherical 
double-wall capsules. When the capsule dis- 
persion is extruded into the hardener through 
a nozzle having a certain diameter, rod-shaped 
double-waJi capsules are obtained. 



Examples of water-soluble higji molecular 
materials suitable as wall fonning materials 
in carrying out the invention and of appro- 
priate hardeners therefor are shown in the fol- 
lowing Table. Above all, sodium alginate 
hardener by Ca"* ions and polyvinyl alcohol 
are preferred materials because of their very 
rapid hardening reaction and high film 
strength. 



Table 




Water-soluble high molecular material 


Hardener 


sodium alginate 


Ca++, A1+++, add 


carageenin 


Ca++ 


dextran and other sulphuric acid esters 


Ca++, Ba++ 


Glucomannan 


Ca++, alkali 


carboxymethyl cellulose 
carbo^methyl starch 


Al+-»~^, Fe++% Cu++ 


acid-soluble collagen 


alkali 


polyvinyl alcohol 


borax 


copolymer of pol3rvinyl methyl ether 
and maleic anhydride 


Fe+++ 


agar 


tannic acid (with cooling) 


milk casein 


Ca++, acid 


Chitosan oxalate 


alkali 



20 The important feature of the mulrd-wall 
capsule made according to the method of the 
invention lies in that its surface is not sticky 
not only in water but also as it is removed 
from water, ithar is, in the undried state, re- 

25 suiting in a convenience of handling. Many 
of the single wall capsules, in particular thosfe 
formed by phase separation from an aqueous 
system, have the disadvantage that the capsule 
surface is too stidky to give the fofllowing 

30 dry powder immediately after they are made. 
The method of the invention can favourably 
be adapted thereto with such advantages as 
strengthening the capsule and giving readily 
a dry powder. 

35 The mulu-wall capsule of the invention will 
now be Dlustrated widi redFeience to the axxxxm- 
panying drawing in which Figs. 1 to Fig. 4 
are schemanc iUustnbtions of some embodi- 
ments of capsules according to the invention: 

40 Fig. 1 shows one enxbodiment the invenr- 
tion, a double wall capsule 5 wheiein an oil 
dn^let 1 as a core is coated with a coacervate 
2 to give a single-wall capsuHe 3 and is fuendier 
coated with calcium alginate 4. 



Fig. 2 shows another emibodimem of the 
invention, a double wall capsule 5 Wherein 
a plurality of oil drops 1 are coated with a 
coacervate 2 to give a single-wall, multi- 
cored capsvile 3 and furdier coated with cal- 
dum alginate 4. 

Fig. 3 shows a further embodiment of the 
invention, a triple wall capsule 6 wherein a 
number of single-wall capsules 3 having sangle 
or multiple cores are together coated with a 
first layer of calcium alginate 2 to give a 
doublc-wail capsule 5 and further coated with 
anodieir layer 2 of calcium alginate 

Fig. 4 shows a still further embodiment of 
the invention, a rod-shaped double-wall 
capsule 5 containing a nimiber of single-wall 
(single- or multi-cored) capsules 3. 

The following examples are given in order 
to illustrate the invention. 

Example 1 
15 g of a dibutyl phthalate solution contain- 
ing 35% of menthol were enndsiiied in 100 ml 
of 2% aqueous solution of sodium alginate in 
a size of 0.1 — 2 mm. TTie dibutyd phthalate 
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emuision was dropwise added to a 5% aqueous 
solution of caldum cMoride with agitation 
throug'h a glass cube 5 nnn. in diametelrv where- 
by to form single wall spherical capsules of 

5 3 — 4 mm in diameter. The aqueous solution 
of hardener was removed by decantation and 
the capsules were washed with water for 1 or 
more hours in flowing water. Since the en- 
capsulation was insufficient, the dibutyl 

10 phthalate was found exuded on the capsule 
film after drying. 

Double walll formation: 15 g of the above 
mentioned single-waH capsules were dispersed, 
in 80 ml of 2% aqueous solution of sodium 

15 alginate. The dispersion was dropwi'se added 
to a 7% calcium chloride solution through a 
glass tube 6 mm in diameter. The single wall 
capsules will further coated with calcium 
alginate to form a douhie-wall capsule. The 

20 resulting double-wall capsules were washed 
With water, colleoted in a basket artd then 
dried. Although there was some snell of 
menthdlj the wall film surface was oompleteily 
dry and there was found no cKuding of the 

25 dibutyl phthalate solution, before tiie capsule 
was pressed by a finger. 

Triple wall formation: The foregoing 
double-wall capsules were wetted wiith a 10% 
aqueous solution of polyvinyl alcohol, drop- 

30 wise added to a saturated aqueous solution of 
borax at normal temperature, recovered and 
washed with water to give triple-wall capsules 
ithe outside wall of which consistejd of a com- 
plex film of polyvinyl alcohol and borax. The 

35 resulting capsules were very strong and free 
from any mentfaoH smell. 

Example 2 
Single wall capsules of 20 — ^50 microns hav- 
ing a wall film of a gelatin gum arable 

40 coacervatc and containing silicone oil were 
niad!e according to the mediod disclosed' in 
U.S. Patent No. 2,800,457. A slurry of this 
capsule was dispersed in the same volume of 
a 1.8% aqueous solution of sodiima alginate. 

45 The resulting s:ingle-wali capsule dispersion 
was dropwise added to 8% aqueous solution 
of calcium chloride in the fonru of liquid drops 
of about 5 — 6 mm in diameter, recovered and 
washed with water to obtain double-wall cap- 

50 sules containing silicone oil. 



WHAT WE CLAIM IS : — 

1. A method of making muiu-wall capsules 
as hereinbefoic deifincd, which comprises diis- 
persing 'in an aqueous solution of a water- 
soluble high molecular film-forming material 55 
having hydroxyl, add or baisic groups, single- 
wall capsiiies, each of which contains a nucleus 

or nuclei therein, and the-n adding portions of 
the I'esuking dispersion to an aqueous solution 
of a hardener for said water-soluble 'high mole- 60 
cular material. 

2. A method as claimed in dlaim 1 wherein 
said wdter-soluble high molecular material is 
sodium alginate and said hardener comprises 
calcium ions. 65 

3. A method as daimed in claim 1 wherein 
said water-soluble high molecular material is 
polyvinyl alcohol and said haideneT is borax. 

4. A method as claimed in claim 1 wherein 

the waiter-soluble high molecular material and 70 
the haidener are any of those pairs tiiereof 
shown in the table herein. 

5. A merdiod as claimed in claim 1 wherein 
sard single-wall capsule has a wall of a com- 
plex coacervate of gelatin and gum aiabic 75 
which is produced by coacervation. 

6. A method as claimed in any preceding 
claim, wherein the thus obtained capsules 
are again dispersed' in an aqueous solution of 

the bame or a diifcrent water-soluble high 80 
molecular film-fonmng material having 
hydroxyla add or basic groups, the inesuiting 
dispersion is added to an aqueous solution erf 
a hardener for said wat-er-soluble high mole- 
cular matcdal and, if desired the procedure 85 
is repeated. 

7. A method of makiag multi-waU capsules, 
substantially as herein described with reference 
to either of the fonegoing Examples. 

8. Multi-wall capsules pTOduoeld^ by a 90 
method according to any preceding claim. 

9. Multi-wall capsules according to claim 
8, -substantially as hereinbefore destcribed with 
reference to any of the Figures of the accom- 
panying drawings. 95 

GEE & CO., 
Chartered Patent Agents, 
51/52, Chancery Lane, London, W.C.2. 
and 22 Whi<i?efriargate, Hull, 
Agents for the Applicants. 
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1236885 COMPLETE SPECIFICATION 

1 SHEET ^'"^ drawing is a reproduction of 
the Original on a reduced scale 
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